the point that our autocatalyst could be used as an enzyme-free constant-temperature alternative to PCR for detecting known sequences.
For many applications in biotechnology, nucleic acid devices must remain functional in the presence of naturally occurring macromolecules. We therefore tested the autocatalyst system in the presence of an excess of mouse liver total RNA with rabbit reticulocyte lysate (Fig. 4E) . Reactions proceeded to apparent completion with no more than a twofold slowdown, and the presence of a 3% trigger can still be detected.
The ability to construct larger circuits will enable the wide range of chemical circuit functions needed for sophisticated applications. Our entropy-driven catalytic reaction networks are suited for scaling up to larger circuits. The modular molecular design makes synthesis of more complex components and networks with arbitrary topology straightforward. To demonstrate this, we constructed an entropy-driven catalytic analog AND gate in which both of two catalysts are required to release output (SOM text S12 and fig. S11 ). For scaling up to large circuits, independent catalyst systems must have negligible crosstalk. The success of quantitative models that assume no crosstalk, as presented above, is encouraging; further evidence comes from a test of two independent catalyst systems operating in the same solution ( fig. S12 ). Finally, catalytic systems have the potential to avoid the slowdown that plagued previous attempts to construct large nucleic acid circuits (17) .
Future nucleic acid control circuits must be interfaced to molecular sensors and actuators. This may be achieved directly when the inputs and outputs are themselves nucleic acids, such as for the detection, analysis, and response to complex nucleic acid samples (9, 30) or for the control of nucleic acid nanomachines (2, 31) . Nucleic acid circuits can also respond to and control more general chemical events: In principle, the release of an oligonucleotide could regulate covalent chemistry by controlling (deoxy)ribozyme activity (9) or reactant proximity (32) . Additionally, signals carried by small organics and other nonnucleic acid molecules can be read by nucleic acid systems with the use of aptamer domains (33, 34) and other binding interactions that can regulate toehold accessibility (35, 36) . Thus, nucleic acids could provide a general-purpose system for the synthesis of embedded control circuitry within aqueous chemical systems. deposits have been cited as evidence of an older age (9) . The local topographic relief of the MFF units varies greatly, reaching a maximum of more than 3.5 km (5-7). The morphology of the MFF units is complex and variable. Over large horizontal scales (tens of kilometers), the undulating hills of the MFF are relatively smooth ( Fig. 1) . At smaller scales, many of the MFF units are marked by systems of parallel ridges and grooves interpreted as yardangs (10-14) (Fig. 2) . Remnant yardangs and outliers some distance from the thicker units suggest that MFF deposits once covered a larger area of the northern lowlands (3, 6) ( Fig. 2A) . Layering is observed in the MFF deposits that varies in scale from coarse, indurated layers that cap weaker, more friable material to thin, pervasive layering (3, 4, 6, (15) (16) (17) .
A variety of origins have been proposed for the MFF deposits. These include ignimbrite or volcanic ash deposits from now-buried vents (1, 2, 6, 11), eolian deposits from materials weathered early in martian history (1, 18) , and deposits analogous to polar layered and circumpolar deposits formed either as a consequence of polar wandering (9) or during periods of high obliquity (7) [see supporting online material (SOM) text]. Units of the MFF are associated with the "Stealth" region on Mars (SOM text), so named because no echo is detected in 3.5-and 12.6-cm Earth-based radar data (19) (20) (21) .
We report here on observations of the MFF deposits by the MARSIS radar sounder (22) (SOM text). Subsurface echoes are detected that correspond to the basal interface between the MFF material and the underlying plains material. We also characterize the thickness and electrical properties of the MFF deposits as a guide to their bulk porosity and/or ice fraction.
MARSIS data obtained between March 2006 and April 2007 cover all the units of the MFF (Fig. 1) . Radargrams, or time-delay renderings of the sounding data along the spacecraft ground track, show subsurface echoes, offset in timedelay from the surface return, where the tracks cross the MFF (Fig. 3) . The subsurface echoes generally parallel the surface return except near the margins where, in some cases, the subsurface and surface echoes converge (Fig. 3) . The observed time-delay in the radargrams is consistent with the expected depth to the interface between the MFF deposits and the underlying terrain.
The westernmost MFF deposits form lowrelief, undulating hills ( Fig. 1 ) and overlie relatively young (Late Amazonian-aged) lowlands volcanic plains associated with Cerberus Fossae (2, 8) (Fig. 2A) . The inferred elevation of the subsurface interface corresponds closely with the floor of a valley separating two hills where MFF material has been almost completely stripped away, nearly exposing the Cerberus plains ( Fig. 2B and Fig. 3A) . The MFF material that forms Lucus Planum is deposited on older (Hesperian-aged), lowlands knobby terrain (2, 8) (Fig. 1) . The interface beneath the eastern flank of this unit is flat and largely continuous (Fig. 3B) . The MFF material exposed in the pronounced valley of Medusae Fossae itself extends from the northern lowlands into the (Fig. 1) . A generally flat, continuous subsurface interface that extends for several hundred kilometers is separated in time-delay from a shallower, discontinuous interface associated with a layer internal to the MFF deposits (Fig.  3C) . The subsurface echo from the eastern flank of Eumenides Dorsum is more spread out in time-delay but appears to delineate the northdownward slope of the buried dichotomy boundary (Fig. 3D) . MFF material overlying Amazonian-period volcanic plains (1, 8) forms the prominent ridges of Amazonis Mensa and Gordii Dorsum (Fig. 1) . There are two parallel subsurface echoes from the valley between the ridges (Fig. 3E ) that correspond to the base of the MFF material and an internal dielectric horizon. The discontinuous subsurface echoes associated with the northern tip of Gordii Dorsum correlate in time-delay with the basal echo from the valley floor (Fig. 3E , far right in radargram). The easternmost MFF deposits overlie the dichotomy boundary and Amazonian volcanic plains of Olympus Mons and the Tharsis Montes (1) and narrow northwestward into a ridge (Fig. 1) . A discontinuous subsurface reflection from beneath the western part of the ridge suggests a flat basal interface (Fig. 3F) .
Previous analyses suggested that some MFF units are draped over preexisting topographic rises in the lowlands (13, 23) . The subsurface interfaces revealed by MARSIS suggest that MFF materials are deposited on generally planar materials in the northern lowlands and the downward slope of the dichotomy boundary (Fig. 3) . MARSIS data support estimates of the total volume of MFF material calculated using apparent base-level elevations in the lowlands. These estimates range from 1.4 × 10 6 km 3 (4) to 1.9 × 10 6 km 3 (6). MARSIS observations provide an opportunity to evaluate the electrical properties of the MFF where the material is deposited on lowlands plains that are exposed nearby (Fig. 2A) . The observed time delays in the MFF deposits correspond to a bulk real dielectric constant e ′ of 2.9 ± 0.4 (SOM text and fig. S1 ), based on the projection of the surrounding plains beneath the material (Fig. 4) . A variation in e ′ of 2.5 to 3.3 does not result in a large range in the radarpredicted thickness because h is a function of ffiffiffi ffi e ′ p . The dielectric properties of a material are related to its density and composition. The real part of the dielectric constant is modulated strongly by density. The imaginary component of the dielectric constant e ″ and the loss tangent, tan d ¼ e ″ =e ′ , are strongly influenced by target composition. Radar losses due to attenuation in the deposits were estimated using the method outlined in Porcello et al. (24) . At 4 MHz center frequency (Band 3), we obtain losses of 0.0048 ± 0.0024 dB/m (SOM text, fig. S2 ). For e ′ of 2.9 and a center frequency of 4 MHz, these losses correspond to a range in loss tangent of~0.002 to 0.006 (SOM text).
MARSIS studies of the PLD (22, 25) suggest a e ′ value of about 3, consistent with pure water ice, based on the agreement between the inferred depth of the basal interface and the projection of the surrounding surface. The loss tangent of the PLD is estimated to range from <0.001 to 0.005 (22, 25) . Our analysis suggests a similar real dielectric constant (2.5 to 3.3) and a comparably low range of loss tangent (0.002 to 0.006) for the MFF materials. The loss tangents derived for the MFF deposits are below the range measured for terrestrial volcanic materials (26) but comparable to some low-titanium lunar materials (27) . Thus, our first-order estimates of the dielectric losses span a range that includes some dry, unconsolidated geologic materials and mixtures of pure water ice and sediment. The real dielectric constant of the MFF and PLD deposits is also low relative to the behavior of compacted rock-derived materials, which are well fit by a function of the form e ′ ¼ 1:96 d , where d is the density in g/cm 3 (26) . A maximum e ′ of 3.3 corresponds to an average density of about 1.8 g/cm 3 , which is low for the expected selfcompaction of 0.5 to 2.5 km of a dry geologic material.
There are two plausible interpretations of these observations. The first is that the MFF material is poorly consolidated and comprised of non-ice material with low dielectric loss. If the MFF material is an ice-poor ash or eolian deposit, it must have an unusually high porosity and low bulk density at depths up to 2.5 km to account for the estimated values of e ′ . MFF deposits with a depth-averaged bulk density >1.9 g/cm 3 will have an e ′ value outside the measured range.
The second possibility is that the MFF material is ice-rich, with a non-ice component of higher real dielectric constant and loss tangent (ice present as a minor component within a matrix of e ′ = 6 does not match the observed properties). The extensive fields of yardangs in the MFF deposits, landforms that occur in variably indurated to poorly consolidated material that is easily eroded by wind (1-3, 5, 6, 15) , suggests that sublimation must have removed volatiles from the putative ice-rich deposits to leave meters of dust and sand. The accumulation of meters of sediments suggests that the non-ice component of an ice-rich MFF deposit may be larger than the maximum 10% estimated for the south polar layered deposits (SPLD) (25) . This, in turn, suggests a higher modeled real dielectric constant than that of pure ice.
Although the real dielectric constant and dielectric losses may be consistent with an icerich material, the existing data do not exclude the possibility that the MFF deposits are an anomalously low density, ice-poor material. In either case, these deposits appear to have unique characteristics from other martian deposits studied to date by radar sounding. An ice-rich MFF raises the intriguing possibility of a large volume of water ice in the equatorial zone of Mars beneath a veneer of dust and sand. MARSIS observations suggest that the total volume of ice in the SPLD is~1.6 × 10 6 km 3 (25) . If the MFF deposits are ice-rich, estimates of their total volume suggest a volume of water comparable to that in the SPLD. M ost of Earth's largest and most destructive earthquakes and tsunamis occur along the global belt of subduction zones (1) (2) (3) (4) . Great (moment magnitude > 8.0) earthquakes are generated when large areas of the subduction megathrust rupture, a process that often generates large tsunamis such as those produced by the 2004 Sumatra and 2006 Java earthquakes (5, 6) . The size and destructive power of tsunamis that often accompany great subduction earthquakes is determined largely by the amount and area of vertical uplift of the sea bed, and these factors are especially sensitive to the geometry of the slipping fault as the earthquake rupture approaches the sea floor (7) (8) (9) . Very long thrust faults that rise from the plate boundary megathrust and intersect the sea floor along the lower slope of the margin-known as out-of-sequence or megasplay faults and recently identified as first-order features in the Nankai Trough (10, 11)-are also common in other subduction zones such as Alaska (12, 13) , Sunda (14) , and Colombia (15) . These megasplay faults have been hypothesized to efficiently transfer displacement to the near surface, fostering tsunami genesis, but owing to the lack of resolution of the shallow structure of these faults, the capability of the megasplay in enhancing tsunami generation has been controversial (16, 17) . Moreover, an earthquake that ruptures up to (or near) the surface (i.e., one with a slip distribution skewed to the updip end) has an enhanced tsunamigenic potential (18) .
The Nankai Trough is characterized by destructive earthquakes that occur repeatedly along the plate boundary megathrust (19) . A large outof-sequence thrust (OOST), first recognized as a strong seismic reflection (10), branches from the megathrust fault~50 km landward of the trench south of Kii Peninsula, where it forms the trenchward boundary of Kumano Basin (Fig. 1) . Swathbathymetric and seismic reflection data show a pronounced, continuous outer ridge of topography that extends more than 120 km along the strike (Figs. 1 and 2 ) and is related to the splay fault slip. This fault, termed the "megasplay" (11) , is a fundamental structural element of the margin. Substantial long-term slip is documented by sequence boundaries and progressive landward tilting of the strata in Kumano Basin (3).
